This paper based on the energy consumption simulation model of chiller system, by analyzing the composition of chiller energy consumption, proposes to compute the best optimal controlling parameters by using simulated annealing algorithm in order to reduce energy consumption. The optimizing process of the best settings of each controllable variable is introduced which use the simulated annealing algorithm in the running chiller system, and the effects of simulated annealing running has been simulated.
Introduction
The main purpose of optimal control of building air-conditioning system is to minimize energy consumption and improve the control performance under the premise of meeting the system load requirements and ensuring the system's stability. As the important part of air conditioning system, the energy consumption accounts for a considerable proportion, so the energy consumption of water chiller optimized has considerable economic and social benefits.
At present, the main study of air-conditioning chiller system optimization are: SQP (Sequential Quadratic Program) methods and conjugate gradient method to solve optimal control problems, but these methods have significant drawbacks that optimization is often difficult to rule out the interference computation; when the objective function appears un-continuous, multi-peak or non-differential, its optimization calculation is also easy to fall into local optimal solution [1] . This paper presents an optimal control chiller system based on simulated annealing algorithm, which can optimize chiller control system and work point online. The various causes of central air-conditioning control system into a local minimum problems and real-time requirements are effectively solved by this system and the validity of this method is validated by experiment simulation.
The energy Consumption Simulation Model of Chiller Systems
The energy consumption of chiller system includes chiller system energy consumption E 1 , chilled water pump energy consumption E 2 , cooling water pump energy consumption E 3 , and cooling tower fan energy consumption E 4 .
To study the optimal control of chillers from the view of the system, it should base on the mathematical model of energy consumption of the system [2] . Taking the 8FS10 chiller of a company, the R12 refrigerant as an example, various parts of the energy can be converted into a mathematical model which relate to temperatures of the supplied and returned chilled water and cooling water [3] : The model of chiller energy consumption:
The model of energy consumption Frozen water pump:
The H is water supply range. The energy consumption of cooling water pump is equal to the model of chilled water pumps.
The model of energy consumption cooling tower fan:
Established simulation model is shown in Figure 1 . The model starts from the client demand side, based on simple physical characteristics and online identification of model parameters of adaptive control techniques, both reflecting the actual characteristics of air-conditioning running and having moderate computation, since the revise through formal online simulation of the system operation and control characteristics of real-time forecast.
Fig.1 Simulation model of chiller energy consumption
The model can reflect the energy consumption and total energy consumption of the device E sum situation of a running central air conditioning system. The optimization of the objective function for the system is total energy consumption:
The control variable to be optimized is the inlet temperature of cooling water, outlet temperature of cooling water, supplied temperature of chilled water and returned temperature of chilled water [4] .
Simulated Annealing
Chiller energy simulation model is a nonlinear, multi-input system with a lag and the relationship between the control variables and the objective function is complicated, furthermore, the objective function may have within the actual change in control variables multiple peaks, therefore, it is necessary to prevent the optimization process from stopping at the peak in non-optimal.
Simulated annealing algorithm is derived from the principle of solid annealing; fully heating the solid, then let it cool slowly. When heating the solid, the internal particle becomes disordered state as the temperature is increasing, which the internal energy increases. The particles slowly become ordered when it is gradually cooling off, and at each temperature reach equilibrium. Finally reach the ground state at room temperature and the internal energy is reduced to a minimum. According to Metropolis criterion, the probability of particles tending to balance at temperature T is e -∆t /T k , where E is the internal energy when the temperature is T, ∆t is the amount of its change and K is Boltzmann constant. To simulate combinatorial optimization problem with solid annealing, consider the internal energy E as the objective function value of the simulation and the temperature T as evolution of the control parameter. The simulated annealing algorithm can solve combinatorial optimization problems: starting from the initial solution and the control parameters, repeating the iteration of current solution "generate new solutions→ calculated error of the objective function→ to accept or discard", and gradually decay T values, the algorithm terminates when the current solution is the optimal solution. Annealing process is controlled by cooling schedule (Cooling Schedule), which includes controlling parameters of the initial T, the attenuation factor ∆t, the number of iterations at each T value and stopping conditions S [7] .
The Figure. 2 is the flow chart of simulated annealing
Fig.2 Flow chart of simulated annealing

Optimal Control Method for Chillers Energy Saving
Taking into accounting the control variables to be optimized in real systems, which are operated within a certain range, therefore simulated annealing algorithm optimization also needs to limit the variables within a certain range, by the experimental analysis, this article will set each control variable within range showed in Table 1 [6] . 10～14 After determining the simulated annealing algorithm as the calculation of chiller energy optimization methods, to optimize the chiller energy consumption model based on simulated annealing steps, it can be divided into the following three steps [5] :
Step 1 Firstly, determining the initial temperature, if initial temperature is selected too high, although the probability of a high-quality solution is high, the costing time will be extended. Thus the initial temperature should be selected to take into accounting the optimization of quality and optimizing efficiency. Take T 0 = 100 for example, the number of cooling system α = 0.95, x 0 = [35, 28, 5, 10] T , and k = 0.
Step 2 from the state x 0 areas randomly selected of the new solution x ', calculate the incremental ∆t = f (x') -f (x 0 ). If ∆t <0, accepted x 'as a new current solution, otherwise the probability of e -∆t /(TK) to accept x' as the new current solution; that k = k +1, calculating T K = αT K-1 .
Step 3 if it meets the terminating condition, output current solution as the best solution, and then finish the program [10] .
Chillers simulated annealing algorithm of optimization results
Accordance with the above described method of simulated annealing algorithm, assuming the outdoor temperature is 35℃.To optimize the energy consumption of the chiller model parameter, the annealing simulated results are shown in Figure 3 . Fig.3 The evolution of the fitness function value Fig.4 The evolution of the fitness function value Figure. 3, directly reflect the total energy consumption of chiller system changes as annealing temperature increasing, when the advance and retreat fire reached 35, and the difference result between average fitness value and the best fitness value satisfy the termination of the algorithm conditions, simulated annealing algorithm will stop searching, and getting the temperature of the minimum energy consumption is 4350Kw [8] . Figure. 3 also can be observed by annealing the progress of the operation of the algorithm to judge good or bad, if the algorithm is slow progress, you need a large annealing factors figure, in this experiment the progress of the genetic algorithm is more appropriate. The best value of the variable will be optimized, as shown in Figure 4 . Figure. 4 is the best value of each variable at the end of the simulated annealing algorithm for optimization, respectively, corresponding to the cooling water outlet temperature is 38 ℃, the cooling water inlet temperature is 30.2 ℃, the outlet chilled water temperature is 7.5 ℃, and frozen water temperature is 11.8℃. These values of the temperature chiller are the best running value [9] . Figure. 
Conclusions
This paper proposes a simulated annealing algorithm for energy-saving air-conditioning chiller system optimization operation, introducing the use of simulated annealing during the operation of the chillers to optimize the process control variables, and analyzing the operating results of the annealing algorithm. The method prove the feasibility of applying in the actual system, which lay the foundation for the application of the method in the real system. 
